Prostate cancer (PCa) is one of the leading causes of deaths in America. The major cause of mortality can be attributed to metastasis. Cancer metastasis involves sequential and interrelated events. miRNAs and epithelial-mesenchymal transition (EMT) are implicated in this process. miR-195 is downregulated in many human cancers. However, the roles of miR-195 in PCa metastasis and EMT remain unclear. In this study, data from Memorial Sloan Kettering Cancer Center (MSKCC) prostate cancer database were re-analysed to detect miR-195 expression and its roles in PCa. miR-195 was then overexpressed in castration-resistant PCa cell lines, DU-145 and PC-3. The role of miR-195 in migration and invasion in vitro was also investigated, and common markers in EMT were evaluated through Western blot analysis. A luciferase reporter assay was conducted to confirm the target gene of miR-195; were validated in PCa cells. In MSKCC data re-analyses, miR-195 was poorly expressed in metastatic PCa; miR-195 could be used to diagnose metastatic PCa by measuring the corresponding expression. Area under the receiver operating characteristic curve (AUC-ROC) was 0.705 (P = 0.017). Low miR-195 expression was characterised with a shorter relapse-free survival (RFS) time. miR-195 overexpression suppressed cell migration, invasion and EMT. Fibroblast growth factor 2 (FGF2) was confirmed as a direct target of miR-195. FGF2 knockdown also suppressed migration, invasion and EMT; by contrast, increased FGF2 partially reversed the suppressive effect of miR-195. And data from ONCO-MINE prostate cancer database showed that PCa patients with high FGF2 expression showed shorter RFS time (P = 0.046). Overall, this study demonstrated that miR-195 suppressed PCa cell metastasis by downregulating FGF2. miR-195 restoration may be considered as a new therapeutic method to treat metastatic PCa.
Introduction
Prostate cancer (PCa), one of the leading causes of deaths in America, was responsible for 29, 480 American deaths in 2014 [1] . Local primary tumor is rarely fatal. The major cause of mortality can be attributed to metastasis [2] . Approximately 90% of deaths from solid tumors are caused by metastasis [3] . PCa metastasis is found in <5% of patients in the first diagnosis. In castration-resistant PCa (CRPC) group, 50%-70% of the patients likely develop bone metastasis [4] . Therefore, the mechanism of PCa metastasis, especially CRPC, should be investigated to treat PCa.
Cancer metastasis involves sequential and interrelated events [5] . Epithelial-mesenchymal transition (EMT), known to turn epithelial cells into mesenchymal cells, also performs crucial functions in cancer metastasis [6] . Epithelial cells obtain mesenchymal cell characteristics, including acquisition of cell migration and invasion abilities, through EMT [7] . The mechanisms of EMT are complex. Many factors, including miRNAs [8] , are associated with EMT. miRNAs are small, non-coding RNAs of 20-22 nt that posttranscriptionally modulate gene expression by binding to the 3 0 -untranslated region (3 0 -UTR) of mRNAs). Numbers of miRNAs are found be aberrant expresaion in cancer and implicate apoptosis, proliferation, differentiation and metastasis [9] . It is known that many miRNAs promote or inhibit metastatic tumor progression by regulating EMT [10] . miR-29b and miR-30a repressed the expression of master transcription factor Snail 1 in the programe of EMT [11, 12] . Therefore, increased miR29b expression can inhibit EMT and decrease cell invasion [11] . Furthermore, miR-200 family members and miR-205 repress the translation of zinc-finger E-box-bindings (ZEBs) 1 and 2; ZEB 1 and ZEB2 expressions are activated early in EMT [13] . miR-195 belongs to the miR-15/16/195 family; this miRNA is localised inn chromosome 17p13.1. Aberrant miR-195 expression has been observed in many types of malignant cancers, such as breast, gastric, colon, adrenocortical, bladder and ovarian cancers, hepatocellular carcinoma and non-small cell lung cancer (NSCLC) [14] [15] [16] [17] [18] [19] [20] [21] . Moreover, miR-195 can also inhibit invasion and migration in NSCLC, colorectal cancer and osteosarcoma [17, 18, 22] . miR-195 was also found be low expression in PCa tissues [23] . However, this study only analyzed miR-195 expression in prostate cancer, the effects of miR-195 on PCa pathobiology, especially in metastasis, are currently undetermined. So we investigate the role of miR-195 in EMT and metastasis of PCa in t the current study.
In this study, data from Memorial Sloan Kettering Cancer Center (MSKCC) prostate cancer database were re-analysed; results revealed that miR-195 was poorly expressed in metastatic PCa. Patients with lower miR-195 expression exhibited shorter relapse-free survival (RFS) time. miR-195 could also be used to diagnose metastatic PCa by measuring their corresponding expression; area under the receiver-operating characteristic curve (AUC-ROC) was 0.705 (P = 0.017). In vitro approaches were used to investigate the role of miR-195 in EMT and metastasis of PCa. Overexpressed miR-195 in PCa cells inhibited EMT and cell metastasis. Luciferase reporter assays and Western blot analysis were conducted to identify miR-195 targets; results showed that fibroblast growth factor 2 (FGF2) is a direct target. FGF2 was then knocked down in PCa cells and effects similar to those of miR-195 overexpression were observed. Furthermore, the restored FGF2 levels in cells which overexpressed miR-195 likely inhibited the effects of miR-195. And data from ONCOMINE prostate cancer database showed PCa patients with high FGF2 expression showed shorter RFS time (P = 0.046). These findings suggested that miR-195 plays an important role in PCa metastasis. [24] . miR-195 expression between localised PCa and metastatic PCa and the corresponding biochemical relapse-free time after radical prostatectomy was re-analysed in the database. ROC curves were generated, and AUC was considered to evaluate the sensitivity and specificity of the use of miR-195 expression to diagnose metastatic PCa. FGF2 expression and the corresponding biochemical relapse-free time after radical prostatectomy in prostate cancer was investigated in Cancer Profiling Database.
Materials and Methods

Data mining and bioinformatics analysis
Cell culture
LnCap cell line was obtained from American Type Culture Collection (ATCC), DU-145 and PC-3 cell lines were purchased from Shanghai Cell Bank, Chinese Academy of Sciences. LnCap and DU-145 cells were maintained in Dulbecco's modified Eagle's medium (DMEM, HyClone, Beijing, China) supplemented with 10% foetal bovine (HyClone, Gaithersburg, Maryland, USA), 100 U/mL penicillin and 100 μg/mL streptomycin (HyClone, Beijing, China). PC-3 cells were cultured in DMEM/F12 medium (HyClone, Beijing, China) supplemented with 10% foetal bovine (HyClone, Gaithersburg, Maryland, USA), 100 U/mL penicillin and 100 μg/mL streptomycin (HyClone, Beijing, China). Cell cultures were incubated in a humidified atmosphere of 95% air and 5% CO 2 at 37°C. 
Oligonucleotides and cell transfection
Cell migration and invasion assays
Cell migration and invasion assays were evaluated using a Transwell chamber (Millipore, Billerica, MA, USA). Cells were harvested at 48 h posttransfection, and 5 × 10 4 cells with 200 μl of serum-free medium were seeded in the upper chamber. The lower chamber was filled with medium supplemented with 10% FBS. In invasion assays, the upper chambers were pre-coated with Matrigel (BD Transduction Laboratories, Franklin Lakes, NJ, USA) before cell seeding was performed. Cells remaining on the upper membrane were removed after 24 h for invasive cells and 12 h for migratory cells. Migratory and invasive cells on the bottom surface were fixed 
Western blot analysis
Cells were lysed by RIPA buffer (Beyotime, Shanghai, China) supplemented with protease inhibitors. The protein samples were electrophoresed in 10% sodium dodecyl sulphate polyacrylamide gels. Electrophoresed proteins were transferred to a polyvinylidene fluoride membrane (Millipore, Billerica, Massachusetts, USA) and blocked for 1 h with 5% skim milk at room temperature. After the proteins were incubated with primary antibodies at 4°C overnight, the blots were washed, incubated with horseradish peroxidase (HRP)-labelled secondary antibody at 37°C for 1 h and visualised through enhanced chemiluminescence. Protein levels were determined by normalising against glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The related antibodies were rabbit anti-GAPDH ( 
Statistical analysis
miR-195 expression and clinical patient data were downloaded from the MSKCC database (http://www.mskcc.org). FGF2 expression and clinical patient data were downloaded from the ONCOMINE Cancer Profiling Database (www.oncomine.org). All experiments above were repeated three times. All of the data in this study were presented as mean ± standard deviation. Statistical calculations were performed using SPSS 16.0. Differences between groups were calculated by t-tests or one-way ANOVA. Log-cox test was chosen to perform survival analysis. P < 0.05 was considered statistically significant.
Results
miR-195 expression and its effect on the diagnosis and outcome of patients with PCa
We re-analysed the RNA sequencing data of PCa database (GSE21032). The expression of miR-195 between localised and metastatic PCas was calculated by t-tests. The result showed that miR-195 in metastatic PCa was significantly lower than that in localised PCa (9.92 ± 0.56 vs. 11.27 ± 0.07, P < 0.0001, Fig 1A) . Moreover, ROC analysis demonstrated that miR-195 could discriminate between metastatic cancer and primary PCa (AUC = 0.705, P = 0.017, Fig  1B) . Therefore, we investigated the effect of low miR-195 expression on RFS in localised PCa. Patients were divided into low and high expression groups by using the number located in 30% of all number, 11.05 as a cut-off of miR-195 expression. RFS analysis was performed in 98 localised PCa cases with follow-up data. Kaplan-Meier curves of RFS showed that PCa patients with low miR-195 expression showed shorter RFS time (P = 0.047, Fig 1C) . Hence, miR-195 may play important functions in PCa metastasis.
EMT inhibition by miR-195 in PCa cells
To investigate whether miR-195 affects PCa cell invasion and migration, we transfected miR-195 inhibitor or control inhibitor in LnCap cells and miR-195 mimics or control miRNA in DU-145 and PC-3 cells and analysed cell migration and invasion ability by using Transwell. The results showed that the miR-195 mimics group contained fewer numbers of cells, which migrated into the lower chamber of the Transwell filter, than the miR-NC group in Du-145 and PC-3 cells (Fig  2A) . Invasion ability was also significantly downregulated in miR-195-transfected DU-145 and PC-3 cells (Fig 2B) . However, no significant different was observed between LnCap cells transfected miR-195 inhibitor and control inhibitor in invasion and migration assays (S1 Fig). So we chose Du-145 and PC-3 for the next experiments. EMT can change cell invasion and migration ability. To identify whether miR-195 can affect EMT, we evaluated some common EMT markers through Western blot analysis. A decreased expression of vimentin and N-cadherin proteins was observed in cells transfected with miR-195 mimics compared with that in cells transfected with control miRNA. E-cadherin expression increased in cells transfected with miR-195 mimics ( Fig   Fig 1. 
FGF2 was a direct target of miR-195
Bioinformatics analyses were performed using DIANA microT v5.0 and TargetScanHuman 6.2 to identify the target genes of miR-195. FGF2 was chosen as the potential target gene because it was predicted in both databases and had the highest Total context score in TargetScanHuman 6.2. 3 0 -UTRs of FGF2 were predicted to contain five binding sites for miR-195. We analysed the sequence of binding sites and found that the sites located from 1053 to 1059 nucleotides and 1113 to 1119 nucleotides were a part of other three binding sites (Table 1) . Therefore, only the sites of 5065 to 5072, 5598 to 5605, 5639 to 5646, as well as mutation sites, were cloned into luciferase reporter plasmids (Fig 3A) . The reporter plasmids were co-transfected with miR-195 mimics or NC in PC-3 cells. Luciferase activity assay showed that miR-195 mimics significantly suppressed the luciferase activity of the reporter plasmid containing binding sites compared with the NC of the wild-type reporter but not of the mutant one ( Fig  3B) . miR-195 overexpression remarkably inhibited FGF2 expression in DU-145 and PC-3 cells (Fig 3C) . These results suggested that FGF2 is a direct target gene of miR-195.
FGF2 knockdown elicited similar effects on PCa cells with overexpressed miR-195
FGF2 was knocked down in PCa cells by introducing siRNA to determine whether the effects of miR-195 can be partly explained by targeting of FGF2. The FGF2 expression reduced at 72 h posttransfection, as detected by Western blot analysis (Fig 4C) . The number of migrated cells was significantly lower in DU-145 and PC-3 cells transfected with FGF2 siRNA than transfected with control siRNA (Fig 4A) . The number of invaded cells was also reduced (Fig 4B) . Consistent with miR-195 transfection, the inhibition of FGF2 expression in PCa cells decreased vimentin and N-cadherin expression and increased E-cadherin expression (Fig 4C) .
miR-195 inhibited EMT in an FGF2 dependent manner
To further confirm whether FGF2 was required for miR-195 mediated EMT, we treated the cells with recombinant human FGF2 protein (Sino Biological Inc., Beijing, China) after transfection was performed. The number of migrated and invaded cells significantly increased after treatment was administered (Fig 5A and 5B) . Vimentin and N-cadherin expression increased, whereas E-cadherin expression decreased after 48 h of treatment ( Fig 5C) . These results showed that miR-195 inhibited EMT of PCa cells in an FGF2-dependent manner.
FGF2 expression and its effect on the outcome of patients with PCa
ONCOMINE prostate cancer database is the most famous database in the world with several high quality datasets. In Lapointe prostate cancer dataset, FGF2 expression had no statistically significant between metastatic cancer and primary PCa tissues (-0.91190 ± 0.62090 vs. 0.57764 ± 0.35019, P = 0 .174). Primary PCa patients were divided into low and high expression groups by using the median number as a cut-off of FGF2 expression. Kaplan-Meier curves of RFS indicated that PCa patients with high FGF2 expression showed shorter RFS time (P = 0.046, Fig 6) .
Discussion miRNAs are abnormally expressed in PCa and changes in miRNA expression affect the onset, development and metastasis of PCa. For example, miR-146a suppresses tumour growth and progression in CRPC [25] . miR-29b, miR-200 family and miR-205 influence PCa metastasis by regulating EMT [11, 13] . Furthermore, miRNA expression can be used for diagnosis, staging and prognosis analysis [26] . In this study, re-analysis of the data obtained from MSKCC showed that miR-195 was poorly expressed in metastatic PCa. ROC analysis demonstrated that miR-195 can discriminate metastatic cancer from primary PCa; low miR-195 expression exhibited shorter RFS time. These results showed that miR-195 may be implicated in PCa metastasis; miR-195 can be used as a biomarker for diagnosis and prognosis analysis. Metastatic disease is responsible for the majority of cancer-related deaths. The conversion of primary tumour to metastatic cancer is a multistep process. EMT is an essential process during metastasis. Therefore, it is reasonable to expect that miRNAs may control metastasis by regulating EMT. A great numbers of miRNAs are found play integral roles in modulating EMT [10] , miR-195 is also correlated with lymph node metastasis and poor prognosis in colorectal cancer [27] . However, the regulatory procedure of miR-195 in PCa remains unclear. In our study, the effects of miR-195 on the regulation of EMT and metastasis of PCa were investigated. The induction of miR-195 expression inhibited EMT and invasiveness of PCa cells. miRNAs perform biological functions by directly binding to the 3 0 -UTR of mRNAs and by impairing protein translation. As such, genes were regulated by miR-195. CARMA3 and Bcl-2 are direct targets of miR-195 in colorectal cancer [18, 28] . IGF1R and HDGF are direct targets of miR-195 in NSCLC [14, 17] .In this study, FGF2 was confirmed as a direct target gene of miR-195 through luciferase assay and Western blot analysis. Besides that, high FGF2 expression exhibited shorter RFS time in PCa patients. FGF2, which belongs to the 23-member FGF family, was first found in 1974 [29] . FGF2 is regarded as a prototypic growth factor [30] . FGF2 is also overexpressed in a great numbers of human carcinomas, including PCa, and implicated in oncogenic behaviours, including invasion and migration [31] [32] [33] [34] . FGF2 expression is regulated by many miRNAs. FGF2 is also a target of miR-503 in hepatocellular carcinomas [35] . miR-646 can downregulate FGF2 and suppress osteosarcoma cell metastasis [36] . In NSCLC, FGF2 is a target of miR-152 [37] . FGF2 also induces EMT in many types of cells, such as Hertwig's epithelial root sheath (HERS) cells, renal tubular cells, colon cancer cells and PCa cells [38] [39] [40] [41] . FGF2 induces EMT through a serious of signalling pathways [38, 41, 42] . In HERS Fig 6 . FGF2 expression impact outcome of patients with PCa. Kaplan-Meier curves of RFS of patients with PCa stratified by the tissues of FGF2 levels. In Lapointe's study patients with high FGF2 levels exhibited shorter RFS than those with high levels (P < 0.05).
doi:10.1371/journal.pone.0144073.g006
miR-195 Inhibits EMT in Prostate cells, TGF-β1 and FGF2 induce EMT through a MAPK/ERK-dependent signalling pathway [38] . In PC-3 cells, AKT/GSK-3β signalling pathway affects EMT, which is promoted by FGF2, by controlling stability, localisation and transcription of Snail [41] . FGF2 also promotes EMT through PI 3-kinase signalling pathway [42] . In this study, our data showed that the knockdown of FGF2 elicited similar effects on PCa cells with overexpressed miR-195 by inhibiting EMT and invasiveness. After miR-195 was transfected, the treated cells with recombinant human FGF2 protein abrogated the effects of miR-195.
In conclusion, miR-195 inhibited PCa cell metastasis and EMT by targeting FGF2. miR-195 restoration may provide new therapeutic methods to treat metastatic PCa.
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